Some patients with occlusion of the internal carotid artery suffer a major stroke, but others present with a minor stroke or a transient ischaemic attack (TIA); occasionally occlusion of one or both carotid arteries occurs without any symptoms. It might be thought that once a carotid artery has occluded completely the risk of further stroke or TIA on the side of the occlusion is over. However, some patients continue to experience delayed vascular events ipsilateral to established carotid occlusion '-8 and controversy per- sists as to the cause of these episodes. Barnett' drew attention to coincidental proximal external carotid and common carotid disease and suggested that this could act as a potential source of emboli to the retina or hemisphere via the collateral circulation. Indeed, haemodynamic factors appeared clinically important in only two of the 27 patients described. Two subsequent studies6 7 have emphasised the importance of coincidental external carotid artery disease. A further potential source of emboli is thrombus within the stump of the proximal internal carotid with embolisation via anastamotic channels.8 On the other hand, some patients undoubtedly have symptoms and signs which point to haemodynamic insufficiency9- 12 and Sundt and Whisnant13 14 have suggested that ischaemic symptoms in the region of an occluded artery are usually haemodynamic in origin and therefore an indication for bypass surgery. Although the brain is supplied by four major arteries and has efficient routes for collateral blood Many patients had frequent attacks; in two the symptoms were clearly associated with change of posture, in three others the association was less certain and in the remainder the attacks occurred at random. The mean age of this group was 63-6 (SD 7 9) years. Methods CBF was measured by the non-invasive intravenous xenon'33 (Xe' 33) technique described by Thomas et al. '9 In brief, a bolus of about 7 mCi of Xe' 33 
Results
Figure I illustrates mean hemisphere CBF during normocapnia according to the patency of the ipsilateral carotid artery in each group. Mean hemisphere CBF was similar in all three groups. There was a tendency for CBF to be lower on the side of an occlusion compared with the contralateral hemisphere, but the difference was small and only significant in the group with contralateral stenosis (mean difference 1 6ml/l00g/min, paired t = 2-88 p < 0 02). Mean CBF was also slightly lower in the patients with bilateral occlusion compared with the other two groups but the difference was not significant (mean 3-7ml/lOOg/min lower than patent hemispheres, Student's t = 147). Figure 2 shows the mean response to hypercapnia in each group and fig 3 shows the resulting values for mean hemisphere CO2 reactivity. In patients with unilateral occlusion hemisphere reactivity was normal on the side of the patent carotid artery (mean 3 4%/mm Hg), but was significantly reduced on the side of the occlusion (mean 2-9%/mm Hg, paired t = 2-41, p < 0 05). In the patients with occlusion and contralateral stenosis mean reactivity was lower in both hemispheres and again was significantly reduced on the side of the occlusion (mean 1 7%/mmHg) compared with the contralateral hemisphere (mean 2-6%/mm Hg, Student's t = 3-18 p < 0-01). This impaired response to hypercapnia on the side of the occlusion in patients with contralateral stenosis was significantly lower than that of the normal hemisphere (Student's t = 3-33, p < 001) and occluded hemispheres of the patients with unilateral occlusion (Student's t = 2 56, p < 002). The patients with 5-4-4-~: The response to hypercapnia on the side of the normal carotid artery in patients with unilateral occlusion was preserved with a mean reactivity of 3-4%/mm Hg, which is close to the figure of 3-1 %/mm Hg found in a group of patients with cerebrovascular symptoms but normal carotid arteries by Bullock etal,25 using a similar method. In comparison with these normal hemispheres CO2 reactivity was significantly lower on the side of the occlusion (mean 2-9%/mm Hg) in the patients with unilateral occlusion, but was still adequately preserved in many patients. Impaired reactivity was more common in the patients in whom carotid occlusion was associated with contralateral carotid stenosis and the mean reactivity was more significantly reduced on the occluded side at 1 7%/mm Hg. The most striking abnormalities were found in the patients with bilateral occlusion. Although this group had a normocapnic CBF which was only slightly lower than normal, CO2 reactivity was grossly impaired bilaterally in all but one patient and the mean reactivity of 1 1%/mm Hg was lower than in the other two groups. These results confirm findings from earlier studies where compromised reactivity has been related to the extent of contralateral arterial disease.22 23 25 A failure to respond to hypercapnia implies either insensitivity to the metabolic stimulus or that the capacity to increase CBF is limited because vasodilatation is already maximum. The latter explanation has been suggested by previous studies.20-22 24-27 It has also been invoked as the mechanism behind the loss of CO2 reactivity which occurs under conditions of severe hypotension18 and may also explain loss of reactivity in the vicinity of acute infarction.28 We suggest that our finding of a graduated reduction in reactivity with increasing severity of carotid artery disease reflects increasing distal vasodilation. This conclusion agrees well with the studies of Gibbs et al,29 who reported an increase in cerebral blood volume distal to carotid occlusion, reflecting focal dilatation, which was greatest in the patients with severest arterial disease. It is also consistent with the finding of Norrving et a123 that impaired reactivity in patients with carotid occlusion correlated with angiographic evidence of inadequate collateral supply.
More intriguing than the morphological correlate is our finding that there was a close association between continuing TIAs and a loss of responsiveness to CO2. The present data suggest that continuing cerebral symptoms after carotid occlusion may have a haemodynamic origin more often than suspected from the history since TIAs were clearly related to change of posture in only two of our 20 subjects with recurrent symptoms. However, our study was based on a highly selected group of patients and it remains uncertain how often haemodynamic factors are important in the majority of patients with delayed ischaemic events.
On superficial analysis, surgical revascularisation would appear to be a logical treatment for patients with haemodynamic symptoms or impaired cerebrovascular reserve. Baron et 
